GABP is an ets transcription factor that regulates genes that are required for myeloid differentiation. The tetrameric GABP complex includes GABP␣, which binds DNA via its ets domain, and GABP␤, which contains the transcription activation domain. To examine the role of GABP in myeloid differentiation, we generated mice in which Gabpa can be conditionally deleted in hematopoietic tissues. Gabpa knockout mice rapidly lost myeloid cells, and residual myeloid cells were dysplastic and immunophenotypically abnormal. Bone marrow transplantation demonstrated that Gabp␣ null cells could not contribute to the myeloid compartment because of cell intrinsic defects. Disruption of Gabpa was associated with a marked reduction in myeloid progenitor cells, and Gabp␣ null myeloid cells express reduced levels of the transcriptional repressor, Gfi-1. Gabp bound and activated the Gfi1 promoter, and transduction of Gabpa knockout bone marrow with Gfi1 partially rescued defects in myeloid colony formation and myeloid differentiation. We conclude that Gabp is required for myeloid differentiation due, in part, to its regulation of the tran-scriptional repressor Gfi-1. (Blood. 2011;118(8):2243-2253)
Introduction
Differentiation of granulocytes and monocytes from bone marrow myeloid progenitors is dependent on the orderly expression of key transcription factors. The transcription factors PU.1 and C/EBP␣ are required for myeloid differentiation, and abnormalities in their expression are associated clinically with some cases of human acute myelogenous leukemia (AML). Similarly, retinoic acid receptor-␣ is required for myeloid differentiation, and acute promyelocytic leukemia is invariably associated with chromosomal rearrangements that generate retinoic acid receptor-␣ fusion proteins. C/EBP⑀ and the transcriptional repressor Gfi-1 regulate late stages of granulocytic differentiation, and abnormalities of each are associated with neutropenia. Thus, leukemia and neutrophil defects are associated with disordered expression of transcription factors that are required for normal myeloid differentiation. 1, 2 GABP is an ets-related transcription factor, and it is the only obligate multimer among more than 2 dozen mammalian ets factors. It consists of 2 molecules of GABP␣, which binds DNA through its ets domain, and 2 molecules of GABP␤, which contains the transcriptional activation domain. GABP regulates genes that are important in myeloid differentiation, including CD18 (␤2 integrin), neutrophil elastase (ELANE), ␣4 integrin, and others. 3 GABP is an essential component of a retinoic acid-dependent enhanceosome that includes retinoid receptors and the transcriptional coactivator p300; expression of dominant negative forms of GABP␣ or p300 physically disrupts this complex and prevents retinoic acid-associated transcriptional activation. 4 Because GABP␣ is the only ets factor that can recruit its partner GABP␤ to DNA, 3 we reasoned that disruption of the encoding gene would abrogate GABP function. Disruption of mouse Gabpa causes early embryonic lethality, thereby preventing analysis of its role in hematopoiesis. 5, 6 Gabp is required for cell-cycle entry and cell proliferation in mouse embryonic fibroblasts. 6 However, hematopoietic cells express several ets factors, and it has been unclear whether Gabp has an essential and nonredundant role in myeloid differentiation.
We created mice in which Gabpa can be conditionally deleted in hematopoietic cells. Gabpa knockout (KO) mice rapidly lost myeloid cells, and the remaining myeloid cells exhibited dysplastic morphology, aberrant immunophenotype, and abnormal gene expression. Gabpa disruption markedly reduced myeloid progenitor cells and reduced expression of the transcriptional repressor Gfi-1. We found that Gfi-1 is a direct target of Gabp and that Gfi-1 partially reversed the aberrant growth and differentiation of Gabp␣ null cells. In summary, GABP is required for normal myeloid differentiation due, in part, to its previously unrecognized role in regulating the transcriptional repressor Gfi-1.
Methods

Mice and bone marrow transplantation
Generation of Gabpa fl/fl mice and genotyping of genomic DNA were described previously. 6 Gabpa fl/fl mice were bred to mice that carry the Mx1 Cre transgene (The Jackson Laboratory) to generate Gabpa fl/fl -Mx1 Cre mice. Six-to 12-week-old mice were used for all studies. Where indicated, Gabpa fl/fl mice and the Gabpa fl/fl Mx1 Cre mice were treated every other day with 3 intraperitoneal injections of polyinosinepolycytosine at 10 mg/kg (pIC; GE Healthcare). Bone marrow transplantation was performed as described previously. 7 All animal studies were approved by the University of Massachusetts Institutional Animal Care and Utilization Committee. Rearrangement of Gabpa in response to pIC was examined by PCR of genomic DNA ( Figure 1C ). As expected, unrearranged floxed Gabpa is detected in all tissues in the Gabpa fl/fl control mice; unrearranged Gabpa also was seen in DNA from nonhematopoietic tissue (eg, tail) of the Gabpa fl/fl -Mx1 Cre mice but not in their liver, bone marrow, spleen, or thymus. In contrast, the deleted Gabpa allele was detected in hematopoietic tissues (liver, bone marrow, spleen, and thymus) but not the tail of Gabpa fl/fl -Mx1 Cre mice nor in any tissues of control mice. Immunoblotting confirmed the absence of Gabp␣ protein in bone marrow, spleen, and thymus of the Gabpa fl/fl -Mx1 Cre mice, but Gabp␣ was present in muscle, and in all tissues of the control mice ( Figure 1D ). Thus, Gabpa fl/fl -Mx1 Cre mice efficiently rearrange floxed Gabpa and their hematopoietic tissues lack Gabp␣ protein expression; these pIC-treated mice are hereinafter referred to as KO mice.
Bone marrow of Gabpa KO mice
Overall bone marrow cellularity was comparable between control and KO mice (Table 1) , but total bone marrow leukocytes were reduced 3-fold in KO mice (Table 1 ; P Ͻ .05). The percentage of mature Ter119 ϩ CD71 Ϫ red blood cells was increased in KO bone marrow (supplemental Figure 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article; P Ͻ .05), whereas the percentage of less mature Ter119 ϩ CD71 ϩ erythroid cells was unaffected. Thus, disruption of Gabpa did not impair erythroid differentiation.
Decreased immature B and T lymphocytes in Gabpa KO mice
Bone marrow leukocytes are composed primarily of B220 ϩ B lymphocytes and CD11b ϩ myeloid cells. Although the percentage of B220 ϩ B lymphocytes increased, the overall reduction in leukocytes indicates that there was no significant change in the total B lymphocytes in KO bone marrow (Table 1) . Despite a modest reduction in total splenocytes, the percentage and total number of B220 ϩ lymphocytes was unchanged in KO mice (supplemental Table 1 ). GABP plays important roles in lymphocytic gene expression and development, 7,10 so we examined B-and Tlymphocyte development. As B lymphocytes mature, B220 ϩ cells sequentially acquire expression of CD24 ϩ and BP1 ϩ . These Figure  2A-B) . Total bone marrow B220 ϩ B lymphocytes did not differ between control and KO mice ( Figure 2A ; Table 1 ). Although the percentage of pre-B cells in bone marrow was increased in KO mice (supplemental Figure 2C) , the reduction in total bone marrow B lymphocytes indicates that the number of pre-B cells was unaffected by loss of Gabp␣ ( Table 1) . The percentage and number of pro-B cells was decreased in KO bone marrow (supplemental Figure 2C ; Table 1 ), but development of pro-B cells from BP1 Ϫ CD24 Ϫ to BP1 Ϫ CD24 ϩ to BP1 ϩ CD24 ϩ was unaffected by Gabpa deletion (supplemental Figure 2D) . In summary, Gabpa deletion was associated with a modest reduction in bone marrow pro-B cells.
Immature T lymphocytes in the thymus express both CD4 and CD8 and as they mature, they express either CD4 or CD8 and migrate to the spleen. The percentage and total number of CD4 ϩ or CD8 ϩ mature T lymphocytes was unaffected in KO spleen and thymus (supplemental Figure 3 ; supplemental Tables 1-2), but immature CD4 ϩ CD8 ϩ T lymphocytes were decreased in KO thymus (supplemental Figure 3 ; supplemental Tables 1-2) . Thus, consistent with previous reports, 7,10 disruption of Gabpa in adult mice modestly reduced immature B and T lymphocytes in bone marrow, spleen, and thymus.
Myeloid cells in Gabpa KO mice exhibit aberrant differentiation
More than half of the nucleated bone marrow cells in control mice were CD11b ϩ myeloid cells, whereas fewer than one-quarter of KO bone marrow cells were CD11b ϩ (Figure 2A) . Coupled with the reduction in total leukocytes, this indicates a nearly 8-fold decrease in total myeloid cells in KO bone marrow (Table 1) . Bone marrow from control mice includes cells that express high levels of both CD11b and Gr1 (CD11b hi Gr1 hi ), and a second population that expresses high levels of CD11b but lower levels of Gr1 (CD11b hi Gr1 lo ; Figure 2B ). Peripheral blood and spleen from control mice contain similar populations of myeloid cells (supplemental Figure 4 ). Morphologically, the CD11b hi Gr1 lo bone marrow cells consist primarily of cells with thick, ring-shaped nuclei with little central clearing that is characteristic of immature granulocytes (bands), and a smaller population of monocytes with characteristic reniform nuclei ( Figure 2C ). In contrast, CD11b hi Gr1 hi cells have more condensed nuclei with larger central clearing that are characteristic of mature mouse granulocytes. Maturation of mouse granulocytes is associated with accumulation of cytoplasmic granules, as demonstrated by a high degree of side scatter ( Figure 2A ).
Myeloid cells from KO mice are distinctly different. There is a near absence of CD11b hi Gr1 hi cells in KO bone marrow ( Figure  2B ), peripheral blood and spleen (supplemental Figure 4) . The mean fluorescence of CD11b ϩ KO bone marrow myeloid cells (6100 ϩ 900) is approximately half that of control CD11b hi cells (11 000 ϩ 1500); we refer to these KO cells that express intermediate levels of CD11b as CD11b int Gr1 lo . Microscopic evaluation of KO CD11b int Gr1 lo cells reveals few mature granulocytes; rather, these cells display an intermediate degree of nuclear condensation and central nuclear clearing, compared with immature and mature control granulocytes ( Figure 2C ). Their cytoplasm has few cells with a high degree of side scatter, characteristic of granule-laden mature granulocytes (Figure 2A ). Differential counts of bone marrow cells confirmed a marked loss of mature granulocytes in the KO CD11b int Gr1 lo population (Table 2) . Instead, the KO Immature myeloid (CD11b hi Gr1 lo ) count 6.0 ϩ 1.0
Cell counts of total bone marrow cells and leukocyte subsets (determined after lysis of red blood cells; ϫ 10 6 /animal), percentages of the indicated immunophenotypic subsets, and calculated numbers of leukocyte subsets (ϫ 10 6 /animal) in at least 3 different control and KO mice.
*P Ͻ .05 by Student t test.
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For personal use only. on April 9, 2017. by guest www.bloodjournal.org From CD11b int Gr1 lo population has a large percentage of these aberrant cells. Based on their abnormal expression of myeloid antigens, lack of cytoplasmic granules, and aberrant morphology, we conclude that the CD11b int Gr1 lo cells of KO mice resemble neither immature nor mature granulocytes.
The percentage of CD11b Ϫ Gr1 lo cells is increased in KO bone marrow, peripheral blood, and spleen ( Figure 2B ; Table 1 ; supplemental Figure 4 ). However, their absolute numbers remain unchanged because of the reduction of total leukocytes in KO mice ( Table 1) . Evaluation of the CD11b Ϫ Gr1 lo cells in control bone marrow reveals a small number of Ly6C ϩ immature myeloid cells (supplemental Figure 5A) . Morphologically, this population includes immature granulocytes and monocytes (supplemental Figure 5B, a and b) . The CD11b Ϫ Gr1 lo cells in KO mice include a higher percentage of Ly6C ϩ immature myeloid cells, apoptotic granulocytes, and B lymphocytes (supplemental Figure 5A and B, c, d, and e).
Maturing granulocytes sequentially express primary granule protein genes (myeloperoxidase [MPO] and ELANE), secondary granule protein genes (lactoferrin [LF]), and tertiary granule protein genes (neutrophil collagenase [NC] and neutrophil gelatinase [NG]). As granulocytes mature beyond the promyelocyte stage, they express less MPO and ELANE and more secondary and tertiary granule protein genes. As monocytes mature, they lose expression of markers of immaturity (c-kit and Ly6C) and increase expression of Mac3, F4/80, and M-CSF-R antigens and cathepsin B, fibronectin 1, and phospholipid transfer protein genes.
We examined granulocytic gene expression in control and KO bone marrow by quantitative RT-PCR. In Figure 3A , granulocyte gene expression is presented relative to levels in control CD11b hi Gr1 lo immature granulocytes. As expected, mature granulocytes (CD11b hi Gr1 hi cells) from control mice express lower levels of primary granule protein genes and higher levels of tertiary granule protein genes than immature CD11b hi Gr1 lo cells (P Ͻ .05); expression of the secondary granule protein gene LF did not differ significantly between the immature and mature granulocytes of control mice. Compared with control CD11b hi Gr1 lo myeloid cells, KO CD11b int Gr1 lo cells express lower levels of ELANE and LF (P Ͻ .05) and similar levels of MPO, NC, and NG. Compared with CD11b hi Gr1 hi control granulocytes, KO myeloid cells express less tertiary granule protein genes (P Ͻ .05), but levels of MPO, ELANE, and LF were not significantly altered. The disordered granulocyte gene expression by KO CD11b int Gr1 lo cells does not correspond to either immature or mature granulocytes and indicates that disordered KO myeloid cells do not manifest a simple block in granulocytic differentiation.
Monocytes are present in the control CD11b hi Gr1 lo cells, and as expected they express Mac3, F4/80, M-CSF-R, and Ly6C (Figure Differential counts of the indicated bone marrow populations from control and KO mice expressed as percentage of at least 300 cells. Cells are classified as follows: blast (myeloblasts), meta (metamyelocytes), band (immature granulocytes), gran (mature granulocytes), lymph (lymphocytes), mono (monocytes), and aberrant myeloid cells.
4A; supplemental Figure 6A ). None of these markers is expressed by control CD11b hi Gr1 hi cells. However, KO CD11b int Gr1 lo cells express significantly higher levels of Mac3 and F4/80 antigens ( Figure 4A ; supplemental Figure 6A ) and higher levels of the monocytic genes CaB, FN1, and PTP than control CD11b hi Gr1 lo cells ( Figure 3B ). KO CD11b int Gr1 lo cells also express high levels of M-CSF-R, c-kit, and Ly6C, which are expressed by immature monocytes ( Figure 4A ). The KO CD11b int Gr1 lo cells might be interpreted as containing a dual population of mature monocytes and immature granulocytes, but it is the KO Mac3 ϩ monocytes that overexpress c-kit and Ly6C ( Figure 4B ; supplemental Figure 6B ). This disordered monocytic maturation emphasizes that KO myeloid do not resemble either immature or mature granulocytes or monocytes, or a simple block in the differentiation of either lineage.
Gabpa KO cells contribute poorly to the myeloid compartment
We sought to determine whether Gabp␣ null cells can contribute to the myeloid compartment in vivo. We used a competitive transplantation strategy that distinguishes 2 different sources of donor bone BLOOD, 25 AUGUST 2011 ⅐ VOLUME 118, NUMBER 8 For personal use only. on April 9, 2017. by guest www.bloodjournal.org From marrow cells by distinct CD45 isoforms. Irradiated C57BL/6J mice were injected with equal numbers of bone marrow cells from (1) CD45.2-expressing Gabpa fl/fl -Mx1 Cre mice and (2) wild-type donors that express CD45.1; these host mice are referred to as KO recipients ( Figure 5A ). Control recipient mice were injected with equal numbers of bone marrow cells from (1) CD45.2-expressing Gabpa fl/fl mice and (2) CD45.1-expressing wild-type donor mice. Donor mice were not injected with pIC before bone marrow harvest, so all donor cells should express normal levels of Gabp␣.
All donor cells engrafted within 4 weeks, based on peripheral blood CD45 isoform expression, but individual mice engrafted with distinct ratios of donor cells (range, 30%-70% CD45.2 ϩ cells). Six weeks after engraftment, recipient mice were injected with pIC. To reduce the confounding effect of the initial engraftment ratio, the CD45.2% of myeloid cells immediately before pIC injection was set to 100% for each mouse, and subsequent values were normalized to that baseline value.
Peripheral blood was examined weekly for expression of CD45 isoforms Gr1 and CD11b. In the control recipient mice, the percentage of CD45.2 ϩ peripheral blood myeloid cells in control recipient mice did not change significantly after pIC injection ( Figure 5B ). More than 80% of both wild-type CD45.1 ϩ and Gabpa fl/fl CD45.2 ϩ bone marrow donor cells were mature granulocytes or band forms ( Figure 5C ). In KO recipient mice, the percentage of CD45.2 ϩ Gabpa fl/fl -Mx1 Cre myeloid cells declined dramatically within 14 days ( Figure 5B ; P Ͻ .01). In KO recipient mice, wild-type CD45.1 ϩ myeloid cells were predominantly mature (similar to control recipients), but there was shift toward immature myeloid forms among CD45.2 ϩ Gabpa fl/fl -Mx1 Cre donor cells. We conclude that Gabp␣ null cells do not generate normal mature granulocytes and that their failure to contribute to the myeloid compartment is a cell intrinsic defect.
Decreased myeloid progenitor cells in Gabpa KO mice
We examined the ability of KO bone marrow to form myeloid colonies in vitro. After injection of control and KO mice with pIC, bone marrow was cultured in vitro in the presence of cytokines, and colonies were examined 7 days later. Compared with control bone marrow, KO colony formation decreased markedly in the presence of GM-CSF, G-CSF, or M-CSF ( Figure 6A ; P Ͻ .03). KO myeloid cells express M-CSF-R (Figure 4 ) and other cytokine receptors (data not shown), so their failure to form in vitro colonies is not because of reduced expression of these essential cytokine receptors. Cells grown from control mice in GM-CSF include immature granulocytes and monocytes, but KO colonies consist almost exclusively of large macrophagelike cells with foamy cytoplasm. Thus, cytokine-stimulated KO bone marrow in vitro colony formation is impaired, and their morphology is biased to a macrophagelike appearance.
We examined hematopoietic stem cells (HSCs) and myeloid progenitor cells in control and KO bone marrow by flow cytometry. Lineage-negative (Lin Ϫ ) Sca1 ϩ c-kit ϩ cells (LSK) are enriched for HSCs. Expression of Fc␥II/III (CD16/32) and CD34 by Lin Ϫ , Sca1 Ϫ , c-kit ϩ bone marrow cells distinguishes common myeloid progenitors, megakaryocyte-erythrocyte progenitors, and granulocytemonocyte progenitors. The increase in the percentage of LSK cells in KO bone marrow ( Figure 6C top) was more than offset by the reduced number of total Lin Ϫ cells and indicates that there was no significant change in overall HSCs in KO bone marrow (supplemental Table 3 ). The percentage and total Lin Ϫ Sca1 Ϫ c-kit ϩ progenitor cells were greatly reduced in KO mice ( Figure 6C ; supplemental Table 3 ), but we observed no alteration in the ratios of individual myeloid progenitor subsets. Proliferation in GMP (supplemental Figure 7) and other progenitors (data not shown) was decreased in KO mice. In summary, 
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we observed a marked reduction of proliferating myeloid progenitors in KO bone marrow by in vitro colony formation, immunophenotyping, and cell-cycle analysis.
We examined the differentiation and function of GMP myeloid progenitors in vitro. Isolated GMPs from control and KO bone marrow were incubated with GM-CSF in liquid culture. Five days later, there were fewer mature and immature granulocytes by morphology and immunophenotype (CD11b hi Gr1 hi and Ly6C ϩ Gr1 hi ) in KO bone marrow, compared with control bone marrow (supplemental Figure 8A-B) . Myeloid cells derived from KO GMPs performed phagocytosis and oxidized dihydrorhodamine-123 normally (supplemental Figure 8C-D) . CD11b hi Gr1 lo or Ly6C ϩ Gr1 lo monocytes were reduced in KO bone marrow after in vitro culture. These in vitro findings confirm the myeloid differentiation defects that we observed in vivo.
Gabpa disruption is associated with decreased expression of Gfi-1 in myeloid cells
We sought to determine whether the abnormal morphology and aberrant gene expression of Gabp␣ null cells is associated with disordered expression of other myeloid transcription factors. Although there were modest changes in the expression of several transcription factors in KO GMP, only the 3-fold reduction of Gfi-1 reached statistical significance ( Figure 6D ; P Ͻ .01).
Because the dysplastic morphology and aberrant gene expression of Gabpa KO myeloid cells resemble those of Gfi1 Ϫ/Ϫ mice, 10, 11 we examined Gfi-1 expression in Gabpa KO mice. Gfi-1 protein was abundant in control bone marrow, spleen, thymus, and CD11b ϩ bone marrow cells ( Figure 6E ) but nearly absent in KO bone marrow, spleen, and CD11b ϩ cells. Interestingly, KO thymus expressed Gfi-1 at a level comparable with that of control mice, despite the complete deletion of Gabpa in KO thymus ( Figure  1C-D) .
Gabp regulates expression of Gfi-1
We pursued Gfi-1 as a biologically relevant target of Gabp in myeloid cells. The Gfi1 promoter includes a cluster of 3 GGAA Gabp consensus sequences (ets1,2,3) 1.5 kb upstream of the transcriptional site, and another ets site near the transcriptional start site (ets4). We cloned the mouse Gfi1 promoter into the pGL3 luciferase reporter construct and transfected it into 293 fibroblast cells along with Gabpa and Gabpb expression vectors. Transfection with both Gabpa and Gabpb activated the Gfi1 promoter, but empty vector, or either Gabpa and Gabpb alone did not activate it ( Figure 7A) ; the transfected cells express endogenous Gabp proteins, and although the activation is modest, this represents a statistically significant increase (P Ͻ .01). Next, we used chromatin immunoprecipitation to determine whether Gabp binds to the endogenous Gfi1 promoter in vivo. Figure 7B demonstrates that the region of the Gfi1 promoter that contains the upstream ets1,2,3 cluster is precipitated by antibody against Gabp␣, as is the ets4 region, but an irrelevant region of the Gfi1 gene is not bound by Gabp. Thus, the Gfi1 promoter is a direct target of Gabp in vivo.
To determine whether these Gabp-bound regions regulate Gfi1 gene expression, we generated a nested series of deletions and mutations of the Gfi1 promoter ( Figure 7C ). Reporter activity of construct Ϫ1575, which lacks the ets1,2,3 cluster, was reduced by half compared with the full-length Ϫ2251 construct ( Figure 7C ; P Ͻ 0.04). Mutation of any of the individual upstream ets sites also reduced reporter activity compared with Ϫ2251, but mutation of the proximal ets4 site (Ϫ732 mut4) affected promoter activity only modestly. Thus, full activity of the Gfi1 promoter depends on integrity of a cluster of 3 upstream ets sites that are bound by Gabp.
Gfi-1 partially restores the phenotype of Gabp␣ null myeloid cells
We sought to determine whether expression of Gfi-1 in Gabp␣ null cells could restore normal myeloid differentiation. We transduced control and KO bone marrow with murine stem cell virus (MSCV)-Gfi-1 or empty virus. Because both viruses encode puromycin resistance, we selected transduced cells with puromycin and plated them in semisolid medium with G-CSF and GM-CSF. Transduction of control cells with MSCV-Gfi-1 caused a modest, but not statistically significant, increase in myeloid colony formation ( Figure 7D ). As expected, colony formation was markedly reduced Gabpa KO bone marrow transduced with empty vector, compared with controls (P Ͻ 4 ϫ 10 Ϫ6 ). Transduction of Gabp␣ null cells with MSCV-Gfi-1 increased the plating efficiency of Gabp␣ null cells more than 4-fold (P Ͻ .0002). Nevertheless, colony formation by MSCV-Gfi-1-transduced Gabp␣ null cells remained less than half of controls (P Ͻ .0003). Thus, Gfi-1 partially restored the reduced in vitro myeloid colony formation after Gabpa disruption.
We sought to determine whether Gfi-1 could rescue the aberrant immunophenotype of Gabp␣ null myeloid cells. We transduced control and KO cells with MSCV-Gfi-1 or MSCV, selected transduced cells with puromycin, and grew them in liquid culture with G-CSF and GM-CSF for 5 days. Transduction of Gabp␣ null cells with MSCV-Gfi-1 restored Gfi1 mRNA expression to levels comparable with those of control cells. Transduction of control cells with Gfi1 did not significantly alter the percentage of CD11b hi Gr1 hi cells ( Figure 7E ; supplemental Figure 9 ; Table 3 ). As expected, disruption of Gabpa is associated with a reduction of CD11b hi Gr1 hi cells (P Ͻ .001), but transduction of Gabp␣ null cells with Gfi1 increased the percentage of CD11b hi Gr1 hi cells by 60% (P Ͻ .001) and doubled the level of CD11b expression (Table  3) . Transduction of Gabp␣ null cells with Gfi-1 partially reversed the overexpression of Mac3 and F4/80 (Table 3) . Thus, transduction with Gfi1 partially rescued the aberrant immunophenotype of Gabp␣ null cells. We conclude that Gfi1 is a direct transcriptional target of Gabp and that its re-expression partially rescues the proliferative defect and aberrant phenotype of Gabp␣ null bone marrow cells.
Discussion
We disrupted Gabpa in mouse hematopoietic cells to better define the role of the GABP transcription factor in myeloid differentiation. Gabpa KO mice had a profound loss of myeloid cells in blood and bone marrow, and the remaining myeloid cells exhibited aberrant morphology, immunophenotype, and gene expression. Gabp␣ null cells contributed poorly to the myeloid compartment because of a cell intrinsic defect. Gabpa KO mice had a marked reduction in proliferating myeloid progenitors in their bone marrow, and Gabp␣ null myeloid cells express reduced levels of the Gfi-1 transcriptional repressor. We showed that Gabp binds and activates the Gfi1 promoter and that transduction of Gfi1 into Gabp␣ null bone marrow cells partially rescued the differentiation defects of Gabpa KO myeloid cells. We conclude that GABP is required for normal myeloid differentiation, in part, through its previously unrecognized role in regulating expression of Gfi1 in hematopoietic cells.
GABP regulates genes that are required for innate immunity through its functional interactions with the ets factor PU.1, the b-zip factor C/EBP␣, and Sp1, 3 and it is an essential component of a retinoic acid-responsive myeloid enhanceosome. 4 GABP is a member of a large transcription factor family, and it has not been clear whether other ets factors could replace GABP in myeloid differentiation and hematopoiesis. In lymphoid cells, GABP was shown previously to regulate expression of the critical lymphoid gene IL7-R␣. 10 Recently, deletion of Gabpa in T lymphocytes by Lck-driven Cre expression was shown to decrease thymic cellularity and reduce immature T lymphocytes (CD4 ϩ CD8 ϩ ) and was associated with a block at the DN3 stage of T-cell development 7, 11 In the current report, deletion of Gabpa driven by pIC-induced Cre recombinase also was associated with a reduction of immature thymic T lymphocytes. The experimental approaches to Gabpa disruption differ, that is, Lck-driven Cre expression causes Gabpa 
